FOUR CYLINDER ENGINE WITH INTERNAL EXHAUST GAS RECIRCULATION 

BACKGROUND 

[01] The present invention relates to an internal combustion engine with exhaust 
gas recirculation "EGR". 

[02] It is known to use EGR to reduce NOx (oxides of nitrogen) emissions from 
engines. However, EGR normally requires a conduit and a control valve to control 
communication of exhaust gas from the exhaust manifold to the intake manifold, 
such as described in US patent no. 6,230,696 issued in May 2001 to Veit et al. 
Such conduit and valve adds undesirable cost to an engine. To avoid such costs, 
internal EGR has been proposed, wherein exhaust gas is retained or added to the 
cylinder contents without any external piping. This may be accomplished by 
modifying the timing of the opening of the intake and/or exhaust valves and/or by 
having a second opening of the intake and/or exhaust valves during the engine 
cycle. 

[03] For example, it has been proposed to achieve internal EGR by pre-opening 
the intake valve during the exhaust stroke of the piston so that exhaust gasses flow 
into the intake port. Then the exhaust gasses are inducted back into the cylinder 
during the piston intake stroke. However, with such a method, the amount of fresh 
air which is sucked into the cylinder is reduced because some of the fresh air is 
replaced by the exhaust gasses from the previous cycle. 

[04] A "pulse EGR system" using exhaust valve re-opening has been developed 
by Hino Motors and is designed to introduce exhaust gas back into the cylinder 
through the exhaust valve port with a special sub-lift lobe on the camshaft. Similar 
concepts are described "The Potential of a Combined Miller Cycle and Internal EGR 
Engine for Future Heavy Duty Truck Applications", SAE 980180, 1998. However, 
these exhaust valve re-opening systems are shown with a conventional six cylinder 
engine. A divided exhaust manifold is almost universally used on six cylinder 
engines because it provides greater pulse energy (from the cylinder blowdown 
process) to the turbocharger. However, in the case of a six-cylinder engine with the 
normal firing order of 1-5-3-6-2-4, cylinder 1 should be charged with exhaust by 
blowdown from cylinder 6, but with a divided exhaust manifold, the pulse does not 
reach cylinder 1, because cylinder 6 and 1 exhaust into different banks of the 
manifold. Similarly, cylinder 5 should be charged with exhaust by blowdown from 



cylinder 2, but again with a divided exhaust manifold, the pulse does not reach 
cylinder 5. Furthermore, in a normal six-cylinder engine with an open exhaust 
manifold, the relatively large manifold volume causes the exhaust blowdown pulses 
to be weaker by the time they reach the cylinder having the secondary valve 
opening. As a result, secondary exhaust valve opening cannot achieve sufficient 
internal EGR in a normal six-cylinder engine with a divided exhaust manifold. 
[05] Both intake valve pre-opening and the second exhaust valve opening result 
in a reduction in the mass of inducted fresh air of about twice the mass of hot 
residual gas, and this is undesirable because the lack of air increases smoke and 
reduces engine output. 

SUMMARY 

[06] Accordingly, an object of this invention is to provide an internal combustion 
engine having reduced emissions. 

[07] A further object of the invention is to provide such an engine which does not 
require a conduit or a control valve. 

[08] A further object of the invention is to provide such an engine which does not 
require a variable valve mechanism. 

[09] These and other objects are achieved by the present invention, wherein a 
four cylinder engine is provided with an undivided exhaust manifold and is provided 
with a mechanism for producing a secondary exhaust valve opening near the end of 
the intake valve opening. In such an engine, a simple reopening of the exhaust 
valve at the end of the intake stroke adds internal EGR to the cylinder with minimal 
loss of fresh air. Such an engine will have a normal exhaust process, followed by a 
normal intake process until late in the intake stroke. At this time, the exhaust valve 
begins opening and air starts to leave the cylinder due to low pressure in the 
exhaust manifold. Shortly thereafter, the exhaust manifold pressure rises rapidly 
because another cylinder begins discharging into the exhaust manifold. This forces 
the air in the exhaust port back into the cylinder with the late re-opened exhaust 
valve, followed by exhaust gas. Relatively little of the cylinder contents can escape 
through the intake port because the intake valve is almost closed when the exhaust 
pressure pulse arrives. As a result, both exhaust gas and extra air are trapped in 
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the cylinder. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[010] Fig. 1 is a simplified schematic view of a four cylinder internal combustion 
engine with an undivided exhaust manifold; 

[01 1] Fig. 2 is a partial sectional view of one of the cylinders of the engine of Fig. 
1; 

[012] Fig. 3 is a valve timing diagram showing the timing of the intake and 
exhaust valves of Fig. 2 according to the present invention. 

DETAILED DESCRIPTION 
[013] Referring to Fig. 1 , a four-stroke cycle, four-cylinder reciprocating internal 
combustion engine 10 has four cylinders 12a-12d, an intake manifold 14, intake 
inlets 15a-15d, and a turbocharger 16. The exhaust outlet pipes 18a-18d from each 
cylinder are communicated to an undivided exhaust manifold 20 which is 
communicated to the turbocharger 16 via a single exhaust conduit 22. 
[014] Referring now to Fig. 2, a piston 32 reciprocates within each of the cylinders 
12a-12d, and each piston 32 is coupled to a crankshaft 30 by a conventional piston 
rod 31 . Each cylinder has an intake poppet valve 34 and an exhaust poppet valve 
36. An intake camshaft 38 operates the intake valves 34, and an exhaust camshaft 
40 operates the exhaust valves 36. The exhaust camshaft 40 has a primary lobe 42 
and a secondary lobe 44. 

[015] As illustrated by Fig. 3, each primary lobe 42 opens the corresponding 
exhaust valve 36 during an exhaust stroke of the corresponding piston 32. Each 
secondary lobe 44 opens the corresponding exhaust valve 36 near an end of an 
intake stroke of the corresponding piston 32. As a result, a pressure pulse in the 
exhaust manifold 20 causes a portion of the exhaust gases to recirculate from the 
exhaust manifold 20 and back into the corresponding one of the cylinder 12a-12d via 
the open exhaust valve 36. 

[016] The engine described above and using late second exhaust valve opening 
for internal EGR has a normal exhaust process, followed by a normal intake process 
until late in the intake stroke of the piston 32. At this time, the exhaust valve 36 
begins opening and air starts to leave the cylinder due to low pressure in the 
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exhaust manifold 20. Shortly thereafter, the pressure in the exhaust manifold 20 
rises rapidly because another cylinder begins discharging into the exhaust manifold 
20. This forces the air in the exhaust port 18a-18d back into the cylinder 32 of 
interest, followed by exhaust gas. Relatively little of the cylinder contents can 
escape through the intake port 15a-15d because the intake valve 34 is almost 
closed when the exhaust pressure pulse arrives. Also, as shown in Fig. 3, the intake 
valve 34 can be closed slightly earlier than normal in order to minimize this loss of air 
from the cylinder back into the intake port 15a-15d. 

[017] This results in a low-cost NOx control using internal EGR which is beneficial 
for engines where cost is more important than fuel economy. Late second exhaust 
valve opening is a superior method of adding internal EGR to a four-cylinder engine 
because of the relatively small loss in fresh air at higher speeds and the lower level 
of internal EGR at lower speeds. Also, less fresh air is lost with this method of 
introducing internal EGR as compared to other methods. 
[018] While the present invention has been described in conjunction with a 
specific embodiment, it is understood that many alternatives, modifications and 
variations will be apparent to those skilled in the art in light of the foregoing 
description. Accordingly, this invention is intended to embrace all such alternatives, 
modifications and variations which fall within the spirit and scope of the appended 
claims. 
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